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Molecular genetic techniques are beginning to bring about a detailed understanding of 
the biochemical processes underlying complex cognitive phenomena such as memory, 
with investigations approaching atomic-level resolution. An excellent example of this is 
provided in this issue of Cell by Costa-Mattioli et al. (2007), whose results implicate a single 
protein dephosphorylation event in the control of long-term memory formation in mice.The advent of technologies for 
homologous gene recombination 
ushered in a new era wherein com-
plex behaviors in mammals could 
be investigated with finely detailed 
biochemical resolution. As reported 
in this issue, Sonenberg and col-
leagues used this approach to dis-
cover a critical molecular switch 
controlling whether behavioral 
experience triggers a lasting mem-
ory (Costa-Mattioli et al., 2007).
Costa-Mattioli et al. (2007) inves-
tigated the regulation of protein 
translation and gene expression 
by eukaryotic Initiation Factor 2 α 
(eIF2α). As an initiation factor, eIF2α 
controls the overall rate of protein 
synthesis through its effects on the 
translation machinery. In performing 
this role, eIF2α unphosphorylated 
at serine-51 promotes general pro-
tein translation, whereas the phos-
phorylated form is associated with 
diminished overall translation. In 
addition to this general effect, eIF2α 
also controls the rate of translation 
of specific proteins, including that of 
the transcriptional repressor ATF4, 
an antagonist of CREB-mediated gene transcription. The effects of 
serine-51 phosphorylated eIF2α on 
ATF4 translation are the opposite of 
its effect on overall translation, that 
is, phosphorylated eIF2α increases 
ATF4 synthesis. The general and 
specific effects of eIF2α are com-
patible—decreasing the expression 
of a transcription repressor (ATF4) 
promotes gene transcription via 
CREB, and increased translation 
initiation promotes synthesis of pro-
tein from those transcripts.
The specific chemistry that 
Costa-Mattioli et al. (2007) investi-
gated is dephosphorylation of eIF2α 
at amino acid 51, normally a serine. 
They used mice engineered to par-
tially lose their capacity for eIF2α 
phosphorylation by replacing one 
copy of the eIF2α gene with a ver-
sion that has an alanine at position 
51, thereby eliminating the hydroxyl 
group required for the phosphoryla-
tion reaction (Scheuner et al., 2001). 
The presence of this engineered 
gene product then partially mimics 
the presence of dephosphorylated 
eIF2α. Costa-Mattioli et al. (2007) 
studied this engineered animal and Cell 1assessed its performance in a vari-
ety of complex behavioral tasks. 
They also complemented these 
studies pharmacologically by stud-
ying the effects of a drug (Sa1003) 
that directly blocks dephosphoryla-
tion of eIF2α. This approach allowed 
them to trigger accumulation of 
phosphoserine51 eIF2α and assess 
the effects of this manipulation.
Using these approaches, they 
discovered that phosphorylation-
dependent regulation of eIF2α is a 
critical hub for the control of syn-
aptic plasticity and memory. Using 
an impressively broad approach, 
the group investigated hippocampal 
synaptic plasticity, associative fear 
conditioning, spatial learning and 
memory, and novel taste memory 
using their engineered animals. 
This approach assessed complex 
natural behaviors involving multiple 
sensory systems, which also involve 
diverse brain structures including 
the amygdala, hippocampus, and 
cerebral cortex. Their studies dem-
onstrated the importance of eIF2α 
dephosphorylation in regulating 
memory formation across this wide 29, April 6, 2007 ©2007 Elsevier Inc. 23
spectrum of modalities. 
Specifically, dephosphor-
ylation of eIF2α at serine 
51 is associated with aug-
mented memory for spatial 
navigation, Pavlovian fear 
conditioning, and condi-
tioned taste aversion.
This comprehensive 
behavioral assessment of 
memory provides an inter-
esting juxtaposition to 
the atom-level approach 
they also utilized in the 
molecular aspects of their 
studies. In this context, it 
is worth noting in detail 
the molecular manipula-
tion of the mice used in 
these studies. Costa-Mat-
tioli et al. (2007) inves-
tigated the effects of a 
dephosphorylation reac-
tion in which a phosphate 
group in a single protein 
is replaced by a hydroxyl 
group through a hydroly-
sis reaction that results in a net sub-
stitution of a hydrogen for a PO3H
− 
moiety—a four-atom rearrangement 
(see Figure 1, right panel). They 
further investigated this molecular 
rearrangement by using a mouse 
engineered to have a single serine 
side chain in a protein replaced by 
an alanine side chain, which means 
that the animal was engineered to 
remove a single oxygen atom from 
the protein (see Figure 1, left panel). 
Although it is hyperbolic to call 
this “atomic biology,” it warrants 
emphasis that modern investigators 
are approaching studies of central 
nervous system function at a level 
significantly more refined than at 
the level of entire macromolecules. 
In that sense, the term “molecular” 
biology seems somewhat outdated 
and inadequate.
There are other notable examples 
of this extreme reductionism in the 
study of memory in mammals. For 
example, various single phosphoryla-
tion sites in AMPA-subtype receptors 
have been implicated as controlling 
receptor trafficking, receptor func-
tion, and ultimately the upward and 
downward modulation of synap-
tic strength and memory formation 
(for examples, see Lee et al., 2000; 
Hayashi et al., 2000; and Whitlock et 
al., 2006). The archetype for these 
types of detailed molecular studies 
is CaMKII, where single autophos-
phorylation events have been directly 
linked to the capacity for synaptic 
plasticity and memory (for example, 
Giese et al., 1998). Indeed, aberrant 
regulation of a single autophosphor-
ylation event in CaMKII has recently 
been implicated in a human mental 
retardation syndrome (van Woerden 
et al., 2007).
The studies by Costa-Mattioli et 
al. (2007) identify eIF2α as one of the 
critical regulatory nodes controlling 
the overall likelihood that synaptic 
events will trigger lasting changes 
in neurons and that environmental 
signals will trigger long-term behav-
ioral change. These studies also 
reinforce the known importance of 
activity-dependent alterations in pro-
tein translation and gene 
transcription in synaptic 
plasticity and memory. 
Moreover, these studies 
highlight the dynamic inter-
play between protein syn-
thesis and gene transcrip-
tion in controlling memory 
formation. The high degree 
of ongoing crosstalk and 
feedback between protein 
translation and gene tran-
scription, which is illus-
trated by these studies, 
is likely underappreciated 
by many neuroscientists. 
The work by Costa-Mat-
tioli et al. (2007) frames 
the complexity of gene 
expression quite nicely 
and illustrates the impor-
tance of understanding this 
complexity for those who 
wish to understand the 
molecular basis of memory 
 formation.
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figure 1. eIf2α in Synaptic Plasticity and Memory formation
The results of Costa-Mattioli et al. (2007) illustrate that subtle changes 
in the chemical structure of a single amino acid side chain, in one 
protein, can have profound consequences on higher-order behavior 
in mammals. This simple diagram does not address the fact that in a 
single animal, at least two of the three molecular species are always 
simultaneously present. In addition, altered eIF2α function has addi-
tional molecular consequences beyond those listed in this figure.24 Cell 129, April 6, 2007 ©2007 Elsevier Inc.
